A microbeam system which is applicable to PIXE, RBS and STIM analyses has been developed at Tohoku University for biological applications. Spatial resolution of this system achieves less than 1 µm with a beam current of ～40 pA. We rearranged detection system and improved detection efficiencies to reduce irradiation damage and measurement time. We applied them to single cell analysis and demonstrate typical results.
INTRODUCTION
The nuclear microprobe has been recognized as a powerful tool for analysis of single cells and tissue sections in biological and biomedical research [1] . We have developed an in-air micro-PIXE system in collaboration with the Takasaki Japan Atomic Energy Research Institute (JAERI) [2, 3] and have analyzed bovine aortic endothelial (BAE) cells, rat basophilic leukemia (RBL) cells and tumor cells AH109A implanted into Donryu rat [4, 5, 6] . We constructed a nuclear microbeam system at the Dynamitron laboratory of Tohoku University for biological applications in [2002] [2003] . Spatial resolution of less than 1 µm was achieved with this system [7, 8] . PIXE, RBS and STIM analyses have been carried out simultaneously. This system allows us to measure structural and elemental properties, which are important for biological studies. However, measurement efficiency of the previous system was not optimized, thus it took a long time to obtain sufficient statistics for X-ray and Rutherford proton counts. Here, we reconfigured the detection system, improved the detection efficiencies and applied the system to measure spatial distributions of elements in cells.
MICROBEAM ANALYSIS SYSTEM
The microbeam analysis system is applicable to either in-vacuum or in-air PIXE combined with RBS and STIM experiments. Technical details of this system were partly presented in previous papers [7, 8] . Biological applications are mainly conducted in-air. A schematic diagram of our new in-air analysis system is shown in figure 1 . Proton beams are extracted through a thin (a few µm) polymer film, which also serves as backing film of the sample. Three samples are attached on a circular sample holder and can be changed using a stepping motor without breaking the vacuum. In this arrangement, horizontal and vertical demagnification factors are 1/28.5 and 1/8.2, respectively. To reduce sample damage by the beam and the energy loss in the STIM measurement, He gas is blown on to the sample [5] . Two X-ray detectors are set in vacuum at 125 degree with respect to the beam axis. The first one has large sensitive area (80mm 2 ) and is suitable for trace elemental analysis. To reduce pile-up events or deformation of the spectrum by recoil protons, a Mylar filter or a Funny filter can be attached to the front of the detector. Maximum solid angle is ～0.08 sr. The second detector has a high-energy resolution (～136eV) and a thin Be entrance window (7.5µm) is used to detect low energy X-rays. The two-detector system enables to detect X-rays ranging from 1 keV to 30 keV with sufficient energy resolution. An annular surface barrier detector is set on the beam axis to detect back-scattered protons for RBS analysis. Scattering angle and counting rates can be controlled by changing the detector to sample distance. The annular detector is very efficient, improving solid angle without deteriorating angular spread and without interfering with the Si(Li) detectors. Scanning transmission ion microscopy (STIM) can be used to observe the cell morphology. A Silicon PIN-photodiode (Hamamatsu S1223), a Faraday cup and a scintillator are attached to a detector wheel off center of the beam axis (see figure 1) . The detector wheel is turned slowly until the PIN-photodiode is centered on the beam axis, while monitoring the count rate of the detector and reducing beam current accordingly. Sample to detector distance is ～10 mm. Before and after analysis, STIM spectra are measured. Using off-axis STIM geometry, we can perform simultaneous structural imaging in PIXE analysis [9] . Off-axis geometry is obtained by rotating the wheel. Since the silicon PIN-photodiode is very compact (10mm in diameter), off-axis STIM geometry can be used even in in-air geometry. PIXE, RBS and STIM data are acquired in list mode by a multi-parameter data acquisition system. The list mode is very effective to monitor elemental loss during irradiation.
RESULTS
The new system was applied to a biological study. Typical STIM and elemental maps of mouse mast cell are shown in figure 2 . Mouse mast cells were cultured in RPMI medium. Since mast cell is nonadhesive, they are filtered through Nuclepore filter of 0.22 µm pore size after washing with THAM-HNO 3 buffer. The Nuclepore filter was attached to the 5 µm polycarbonate foil which serves as beam exit window. The cells were cyofixed in vacuum [4, 5, 6] . STIM was used to image cells and proved to be efficient to find single cells in a short time. STIM was also used to monitor the loss of cell matrix elements before and after analysis. The cell matrix composition (C, N and O), density and thickness was determined by RBS. PIXE provided the elemental information. These elemental images were obtained with beam currents of 40 pA, a beam spot size of 1 × 1 µm 2 and a scanning area of 20 × 20 µm 2 . It took 90 minutes to obtain the elemental image. Distributions of P, S and K elements are clearly seen and correspond to the STIM, C, O maps. Phosphorus appears to be concentrated in the cell nucleus but S and K are uniformly distributed. While loss of elements was not observed in PIXE data, however, STIM data 
